The scattering of a plane, monochromatic electromagnetic wave by the fluctuations of the dielectric constant of a turbulent weakly, ionized plasma is investigated on the basis of the statistical theory of locally isotropic tubulence. The effects of collisions on the fluctuating dielectric constant of the electrons are taken into account. The spectral density determining the scattering cross section is related to the structure functions of the fluctuations of the electron concentration and the temperature. These structure functions are calculated from the transport equations with the use of methods developed in the statistical theory of strong turbulence.
The scattering of a plane, monochromatic electromagnetic wave by the fluctuations of the dielectric constant of a turbulent weakly, ionized plasma is investigated on the basis of the statistical theory of locally isotropic tubulence. The effects of collisions on the fluctuating dielectric constant of the electrons are taken into account. The spectral density determining the scattering cross section is related to the structure functions of the fluctuations of the electron concentration and the temperature. These structure functions are calculated from the transport equations with the use of methods developed in the statistical theory of strong turbulence.
The scattering of electromagnetic waves by the fluctuating dielectric constant of a plasma is of special importance in astrophysics, radioastronomy and in the diagnostics of laboratory plasmas. Scattering cross sections have been quantitatively calculated under two basic assumptions: 1) the plasma satisfies certain equilibrium conditions (meta-equilibrium); 2) the correlation of the fluctuations is due to the electrostatic interaction of the plasma particles and weak.
For turbulent plasmas the above conditions concerning the plasma state and the cause and strength of correlations are not valid. The scattering properties of such plasmas have been investigated by some more or less heuristic theories developed especially with respect to the scattering of radio waves by the lower layers of the ionosphere 1,2 . But there are also attempts to treat the scattering of electromagnetic waves by turbulent plasmas on the basis of a statistical theory of turbulence 3 . These investigations consider the turbulent plasma as an incompressible fluid and calculate the scattering due to fluctuations of the electron density. They do not account for the effects of particle collisions on the fluctuating dielectric constant.
In this contribution we will use the statistical theory of locally isotropic turbulence developed by KOLMOGOROV, OBOUKHOV and YAGLOM to determine the scattering cross section of a weakly ionzed, collision dominated plasma with temperature and density fluctuations. We consider strong turbulence in the sense of classical hydrodynamics. Proc. Inst. Engrs. 38, 401 [1950] .
System
Subject of this investigation is the scattering of a plane, monochromatic electromagnetic wave
by the randomly fluctuating scalar dielectric constant of a turbulent plasma within a volume V. The plasma is weakly ionized and collision dominated (seeded atmosphere). We assume that it can be described within the frame of the first order of the Chapman-Enskog development (hydrodynamic approximation). We neglect heat transfer by radiation and by electron diffusion as well as dissipation of mechanical energy by viscous forces. The turbulence is considered to be homogeneous and locally isotropic.
Concept
With the use of Maxwell's equations the scattering cross section is expressed by the spectral density of the fluctuating dielectric constant. Accounting for the effects of electron-neutral and electron-ion collisions we relate the fluctuations of the electron dielectric constant to the fluctuations of the temperature and the electron concentration. The spectral densities of these fluctuations are calculated from the transport equations using the statistical theory of locally isotropic turbulence.
Analysis

Scattering Cross Section
The cross section odQ for the scattering of a plane, monochromatic wave per unit plasma volume into the solid angle dQ around the spatial direction k' is defined by
R is the distance from the scattering volume to the observation point, which is supposed to be large in comparison to the dimensions of the scattering region (R > F 1/3 ). E' is the electric field in the wave scattered in the direction k'. The prime indicates quantities referring to the scattered wave. The bar means averaging over all realizations of the corresponding quantity.
We assume that E' and the electric induction D' are small in comparison to the corresponding fields in the incident wave and that the fluctuating part £i of the dielectric constant is small in comparison to its average value e.
E' can then be calculated from Maxwell's equations via Fourier analysis in time and space 4 .
,
with K=k' -k. The integral in equ. (3) is to be extended over the whole scattering volume.
If we introduce the angle % between E0 and k' and assume that the scattering causes only a small change in frequency (kmk') equation (3) 
Eq k 2 sin ^ f f l exp (i Kr) dr.
Inserting this expression into equation (2) we find odü= y sin 2^ (5) ' (Jei(ri)ei(r2) dn dr2) dQ.
ei(ri)ei(r2j is the correlation function CE of the refractive index fluctuations. Since our e-field is homogeneous Ce depends only on ri -r2. Introducing the spectral density
we finally obtain odQ = k*sm 2 xS£{K)dQ (7) and the evaluation of the scattering cross section is reduced to the problem of determining the spectral density of the fluctuations of the dielectric constant.
Dielectric Constant
We consider here the scattering due to fluctuations of the dielectric constant eof the free electrons. The contribution of the ions to e may be neglected due to the large ion-electron mass ratio. The contribution of the neutrals becomes important only if the degree of ionization is extremely small.
The dielectric constant e< e > is conveniently written in the form 5
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v0 and vt designate the effective frequencies of electron-neutral and electron-ion collisions resp. Neglecting the influence of the Ramsauer effect on vo and evaluating n with Rutherford's formula for the electronion collision cross section one obtains 5 55 / 9*>0 T \ vo = 8.3 • 10 5 TT e 2 y T no , n = n+ In (^173") •
Where Tig 1 is an effective cross section. We now combine equs. (8) and (10). Introducing the electron concentration c -ri-\n and the ideal gas law we find with the assumptions of quasi-neutrality and weak ionization
Transport Equations
Using the assumptions that the turbulence is homogeneous and that the fluctuations in electron concentration, temperature and pressure are small and not correlated with each other we find from equ. (11)
To determine the spectral densities of c and T we start from the corresponding transport equations. By taking appropriate moments of the Boltzmann equation we find up to first order in the Enskog development the following balances for particle densities, total momentum and total internal energy 6
The indices a and ß denote the different particle components. We distinguish here only two components: electrons and neutrals. This is possible, since we assume that the plasmas is weakly ionized and we are not interested in specific effects of the ions. The ions may be treated on equal grounds with the neutrals. n is the total particle density and ca = %a/n the particle concentration of component a. g is the mass density of the plasma and v the center of mass velocity. i?a denotes the particle production rate, x the heat conductivity. D, [i, /u\) are the coefficients of diffusion, thermal diffusion, viscosity and bulk viscosity resp.
Fluctuations of the Electron Concentration
Using our assumptions of weak ionization and small variations in temperature and density, equs. (13) - (18) may be considerably simplified. For the electron component the last term of equ. (16) vanishes due to weak ionization. Since the thermal diffusion coefficient % is proportional to the electron concentration c_ the first term on the right-hand side of equ. (16) is small of second order and may therefore also be neglected. Consequently the particle balance for the electrons simplifies to
Multiplying equ. (19) with m_ and using the continuity equation ?n 1T + V(e®) = 0 (20)
we find for the mass concentration y-of the electrons
In writing down the diffusion term of equ. (21) we have again made use of our assumption that the relative gradients of density and temperature are small. With the relations m_c_/mo zu y~ , g & mo n
which hold due to weak ionization, we finally have
Starting from equ. (23) we can use a procedure developed by YAGLOM 7 to derive the structure function of the fluctuations of the electron-concentration. To do this we have to assume that the velocity field is approximately solenoidal, so that we can use the relation
Then we multiply equ. (23) with c' = c_(r2) and add the corresponding equation with the primed and unprimed coordinates interchanged. We obtain -2^~^j7c-\-2DAc r c-\-2xc r c (25) j where a-= is the number of ionizing collisions per electron and unit time, are the components of the vector r = ri -r2 and the Laplacian A has to be taken with respect to these components. We now introduce the correlation functions Ccc, Cic2 and the structure functions Bcc, B\cc defined by
CCc = c(ri)c(r2),
Ci C2 = Vi(ri) c 2 (r%), (26)
where vi is the velocity component in the direction of r. Due to assumption (24) Cic2 vanishes 8 .
Cic 2 = 0. 
This relation follows from the equality
Bcc(r) = 2(Ccc(0)-Ccc(r))
for a homogeneous and isotropic random field and the assumption that the structure function is timeindependent.
From equ. (25) we obtain with the use of (27), (28) are satisfied the solution of equ. (41) is
where M designate Whittaker's functions. The constants C\ and C2 are to be determined by continuity requirements at the lower limit of the validity range of (43). Due to the inequalities (42) and the asymptotic expansion m *,2,AZ) = F r\v-1)
the solution (43) 
(49) (a-cV ßl) 3 Equ. (49) may be reduced to Whittaker's equation. Inserting the solution into (47) we see that in the range limited by (46) Bcc may be approximated by
As is easily verified the solutions (45) and (50) We will therefore use equ. (51) as structure function of the turbulent fluctuations of the electron concentration in the whole range r > tq c . The correlation is related to the structure function by equ. (29).
Temperature Fluctuations
We will now calculate the structure function of the temperature fluctuations. Neglecting the heat transfer due to particle diffusion and the heat production due to dissipation of mechanical energy by viscous forces we find from equ. (15) with the use of equs. (13) and (24) d T 
(59)
This relation follows from equ. (29) with our assumption that the turbulence is homogeneous. Since inhomogeneities with sizes much smaller than r0 do not occur, S (K) must rapidly go to zero for iv>2/ro-The exact form of this decrease is uncertain, since the structure function is not known in the transition region r ~ r0. Therefore S (K) is usually cut off at 2;r/ro-The spectral densities corresponding to the structure functions (51) and (59) follow from equ. (60) to be
Spectral Densites
Knowing the structure functions Bcc and Btt we can now determine the spectral densities via the relation where all fluctuating quantities are to be represented by their average values. The lower K limit for the applicability range of (64) 
Discussion
On the basis of the statistical theory of locally isotropic turbulence we have rigorously calculated the scattering cross section of a weakly ionized, collision dominated turbulent plasma in the hydrodynamic regime. The hypothesis of constant asymmetry, which closes equs. (30), (32) and (56), has been supported by experimental findings. The absolute values ai, a c, ay of the asymmetries enter-ing the characteristics ßc, ßT of the fluctuating quantities c and T in equ. (66) remain undetermined within the frame of the theory used in this investigation. They have to be fixed either by experiments or by additional theoretical assumptions. The other quantities 6c 2 /6£, ZT 2 jZt on which ßc and ßr depend, can be related to the mean square gradients 11 ~ T 2 = -y ~ (grad T) 2 ,^c 2 = -2 Z)(gradc)2.
11 A. M. OBUKHOV, IZV. Akad. Nauk SSSR, Ser. Geograf. Geofiz. 13, 58 [1949] . German translation in "Sammelband zur statistischen Theorie der Turbulenz", Akademie-Verlag, Berlin 1958.
dvi 2 /dt is by definition equal to (2/3) e, where e denotes the rate of energy dissipation per unit mass and unit time. The K and d dependence of equ. (66) is the same as that found by SILVERMAN 3 , who determined the scattering cross section by qualitatively applying the statistical theory of turbulence to the electron density. SILVERMAN did not account for the effect of collisions on the dielectric constant and neglected the influence of neutral gas density and temperature fluctuations.
